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Abstract 
It has been repeatedly demonstrated that economic affluence is one of the main predictors of the 
scientific wealth of nations. Yet, the link is not as straightforward as is often presented. First, 
only a limited set of relatively affluent countries is usually studied. Second, there are differences 
between equally rich countries in their scientific success. The main aim of the present study is to 
find out which factors can enhance or suppress the effect of the economic wealth of countries on 
their scientific success, as measured by the High Quality Science Index (HQSI; Allik, 2013). The 
HQSI is a composite indicator of scientific wealth, which in equal parts considers the mean 
citation rate per paper and the percentage of papers that have reached the top 1% of citations in 
the Essential Science Indicators (ESI; Clarivate Analytics) database during the 11-year period 
from 2008 to 2018. Our results show that a high position in the ranking of countries on the HQSI 
can be achieved not only by increasing the number of high-quality papers but also by reducing 
the number of papers that are able to pass ESI thresholds but are of lower quality. The HQSI was 
positively and significantly correlated with the countries’ economic indicators (as measured by 
GNI and GERD), but these correlations became insignificant when other societal factors were 
controlled for. Overall, our findings indicate that it is small and well-governed countries with a 
longstanding democratic past that seem to be more efficient in translating economic wealth into 
high-quality science. 
 
 
Keywords: scientific excellence; bibliometric; Essential Science Indicators; the High Quality 
Science Index 
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Factors Predicting the Scientific Wealth of Nations 
It has been repeatedly argued that only rich countries have enough resources to produce 
scientific results of the highest quality. Two very prominent papers (King, 2004; May, 1997) 
showed that the quality of scientific publications published by scientists of a nation during a 
certain period can be estimated by the mean number of citations for these papers. Just as gross 
domestic product (GDP) is a measure of economic wealth, the mean citation rate per scientific 
article could be used as a measure of the scientific wealth of nations (King, 2004; May, 1997). 
The link between economic and scientific wealth has been repeatedly demonstrated (Cimini, 
Gabrielli, & Labini, 2014; Cole & Phelan, 1999; Docampo & Bessoule, 2019; Gantman, 2012; 
Hatemi-J, Ajmi, El Montasser, Inglesi-Lotz, & Gupta, 2016; King, 2004; Kumar, Stauvermann, 
& Patel, 2016; May, 1997; Mueller, 2016; Prathap, 2017; Rousseau & Rousseau, 1998; Vinkler, 
2008, 2018), meaning that the richer the country, the more money is invested into research and 
development (R&D) activities, which, in return, is expected to increase the quality of scientific 
publications. 
Yet, the relationship between economic and scientific wealth is not as simple and 
straightforward as is often presented. First, only a limited set of relatively affluent countries is 
usually studied. For example, King (2004) analyzed 31 countries, which were mostly 
economically highly developed nations. Thus, it is still an open question whether the economic 
wealth of countries can be transformed into high-quality scientific publications equally well in 
more as well as less affluent countries. Second, there appear to be differences between equally 
rich countries in their scientific success. In other words, it has been shown that nations differ 
considerably in terms of their efficiency in turning economic wealth into high-level and highly 
cited scientific publications (Leydesdorff & Wagner, 2009b). This implies that some additional 
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factors may exist that control how the economic prosperity of countries is transformed into 
notable scientific discoveries reported in prominent scientific publications. Consequently, the 
main aim of the present study is to identify the factors that can effectively enhance or suppress 
the effect of the economic wealth of countries on their scientific success. Differently from some 
previous studies (e.g., King, 2004), we will employ a large sample of countries with varying 
levels of economic development.  
Predictors of the Scientific Wealth of Nations 
Earlier research has shed some light on the factors that may help in predicting the scientific 
wealth of nations, beyond economic development. For instance, it has been shown that 
researchers from affluent countries who do not speak English as their mother tongue are at a 
disadvantage compared to their colleagues from English-speaking countries in producing 
scientific papers of the highest quality (Gantman, 2012; van Leeuwen, Moed, Tijssen, Visser, & 
van Raan, 2001). It has also been noticed that development of the national publication market 
(Mueller, 2016) and policies that are directed towards supporting scientific excellence (Almeida, 
Pais, & Formosinho, 2009; Moed, 2005; van Leeuwen & Moed, 2012) can affect the quality of 
scientific publications. Quite expectedly, higher levels of international collaboration and 
scientific mobility stimulate the quality of the scientific output of nations (Leydesdorff, Wagner, 
& Bornmann, 2014; Wagner & Jonkers, 2017; Wagner & Leydesdorff, 2005). A good example 
of this is the fact that, even three decades after the collapse of the Soviet Union, most post-
communist countries are still lagging behind their Western counterparts (Jurajda, Kozubek, 
Munich, & Skoda, 2017; Kozak, Bornmann, & Leydesdorff, 2015; Must, 2006; Pajic, 2015; 
Vinkler, 2008). Although there might be multiple reasons for this effect, one of the most obvious 
explanations is that this is a direct consequence of international isolation and restrictions on the 
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free movement of ideas and people during the communist years (cf. Leydesdorff et al., 2014; 
Wagner & Jonkers, 2017; Wagner & Leydesdorff, 2005). Finally, it has been proposed that a 
government’s degree of respect for the civil and political liberties of its citizens has a positive 
effect on the country’s output of scientific knowledge (Gantman, 2012). When using the 
Worldwide Governance Indicators (WGI), which measure countries’ levels of corruption and 
government effectiveness, Gantman (2012) was able to show that poor governance in the form of 
political authoritarianism has a negative and statistically significant effect on the quality of 
scientific output, not only in the social sciences, but also in the neurosciences, medicine, and 
agricultural and biological sciences (Gantman, 2012). Although the WGI has been criticized for 
the lack of a clear theoretical foundation (e.g., Andrews, 2008; Andrews, Hay, & Myers, 2010; 
Erkkilä & Piironen, 2014; Gisselquist, 2014), it has successfully predicted sustainable economic 
growth (Adkisson & McFerrin, 2014; Güney, 2017; Law, Lim, & Ismail, 2013), openness in 
international trade (Al-Marhubi, 2005), a diminishing number of road traffic fatalities (Gaygisiz, 
2010), and reduced Olympic success due to lower rates of doping use among the athletes in less 
corrupt countries (Potts, 2014). 
How to Measure Scientific Excellence? 
Although the mean citation rate per paper is a handy measure of a nation’s scientific wealth 
(cf. King, 2004; May, 1997), it covers only one aspect of scientific success, which has been 
shown to be a multidimensional concept (Aksnes, Langfeldt, & Wouters, 2019). So, to achieve 
our main aim, the question of how best to measure the scientific excellence or success of 
countries must be answered first. As was noticed by van Leeuwen and colleagues (2003), 
“[e]valuation studies of scientific performance conducted during the past years more and more 
focus on the identification of research of the ‘highest quality’, ‘top’ research, or ‘scientific 
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excellence’. This shift in focus has led to the development of new bibliometric methodologies 
and indicators. Technically, it meant a shift from bibliometric impact scores based on average 
values such as the average impact of all papers published by some unit to be evaluated towards 
indicators reflecting the top of the citation distribution, such as the number of ‘highly cited’ or 
‘top’ articles” (p. 257). Although high citation percentiles can be considered as an alternative to 
mean-based bibliometric indicators (Bornmann, Leydesdorff, & Mutz, 2013; Waltman & 
Schreiber, 2013), their combined use may have some advantages. 
For the reasons above, we use a composite indicator of scientific wealth in our study—the 
High Quality Science Index (HQSI; Allik, 2013)—which, in equal parts, considers the mean 
citation rate per paper and the percentage of papers that has reached the top 1% of citations in a 
respective field of science and the time of publication as indicated by the Essential Science 
Indicators (ESI; Clarivate Analytics) database. Even though the use of multicomponent 
bibliometric indicators to measure the scientific success of countries is well documented (Levitt 
& Thelwall, 2011; van Leeuwen et al., 2003; Xu, Li, Shen, & Lev, 2013), a recent study showed 
that the use of the HQSI may still result in somewhat odd or unexpected rankings of scientific 
success, with countries such as Singapore, the Republic of Georgia, and Peru topping the list of 
the world’s most scientifically advanced countries (Lauk & Allik, 2018). This may suggest that 
multicomponent bibliometric indicators such as the HQSI may need some adjustment.  
One possible way to improve the HQSI would be to include information about published 
papers that are never cited. Although it was suggested some time ago that nearly 48% of all 
papers published in journals indexed by the Web of Science (WoS) were never—not even once—
cited (Garfield, 2005), other researchers have argued that the proportion of uncited papers ranges 
from 10 (Van Noorden, 2017) to 25 per cent (Nicolaisen & Frandsen, 2019). If we believe that 
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the mean number of citations received in a particular period of time by papers published by 
researchers of a nation is a valid measure of the country’s scientific excellence (King, 2004; 
May, 1997), it would be logical to assume that the greater the scientific wealth of a country, the 
smaller the proportion of papers that nobody ever cites. In other words, in countries with lower 
levels of scientific wealth, researchers should be more likely to produce papers that will never be 
cited by anyone, not even by the authors themselves (cf. Nicolaisen & Frandsen, 2019). 
Regrettably, existing databases such as the WoS and the ESI do not usually provide explicit 
statistics on uncited papers. 
Another problem largely ignored by previous research is that, not only papers that have 
exceeded the entrance thresholds for the ESI database, but also those that were below the 
threshold, can affect the mean citation rate (cf. Hu, Tian, Xu, Zhang, & Wang, 2018). As 
explained above, the ESI is an analytical tool that helps to identify top-performing research in the 
WoS Core Collection. Consequently, a high position in the ranking of countries on the HQSI can 
be achieved not only by increasing the number of high-quality papers but also by reducing the 
number of papers that are able to pass ESI thresholds but could potentially lower the country’s 
overall scientific impact. For example, the country’s HQSI ranking position can be improved by 
diverting publications to low-impact journals, which have no or very little chance to qualify for 
the ESI. Thus, in addition to an analysis of the most highly cited scientific papers that are 
included in the ESI, one should also analyze papers that are left out. One way to do this is to 
calculate a ratio between the numbers of papers included by the ESI and the total number of 
papers each country was able to submit to the WoS. 
Scientific wealth of nations 8 
 
 
The Aims of the Present Study 
In sum, even though it is a well-established finding that greater economic wealth of countries 
leads to greater scientific excellence, there are good reasons to believe that the link between the 
two factors is not strictly deterministic. The main aim of our paper is thus to provide a deeper 
understanding of how and under what conditions the link between economic and scientific 
wealth varies across countries, especially when a large sample of countries with different levels 
of economic development is included in the analysis. Our choice of potential contextual drivers 
that may influence the relationship between the economic wealth and scientific excellence of 
countries was primarily guided by the findings of previous research, as reviewed in the 
Introduction. More specifically, we hypothesized that, in addition to economic wealth, as 
measured by gross national income and R&D expenditure, a country should have (1) high levels 
of good governance implementation and human development, including (2) high life expectancy 
and (3) high levels of educational attainment in order to achieve scientific excellence. Based on 
previous research, which has repeatedly shown the detrimental effect of income inequality on 
educational attainment and other societal outcomes (see Bapuji, 2015, for a review), we also 
included (4) a measure of inequality in our analyses. Last, we controlled for (5) population size, 
as is usually done in analyzing the scientific wealth of nations (May, 1997), (6) whether English 
is an official language of the country, and (7) for the country’s communist history (post or 
present). 
Before proceeding to the main analyses, further steps were taken to understand how the main 
variable of interest, the HQSI, works and why some country rankings based on their scientific 
impact may look unusual (Lauk & Allik, 2018). One potential way to improve the HQSI is to 
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calculate the percentage of papers that was left out of the ESI and the percentage of uncited 
papers that each country has among papers indexed in the WoS. 
Method 
Main Variables 
Scientific excellence. Data for measuring the scientific success of countries were retrieved 
from the latest available release of the ESI (Clarivate Analytics, updated on March 14, 2019; 
https://clarivate.com/products/essential-science-indicators/), which covers an 11-year period 
from January 1, 2008 until December 31, 2018. For this period, the ESI covers approximately 
12,000 journals from around the world with more than 12 million articles indexed by the WoS 
(Clarivate Analytics; https://clarivate.com/products/web-of-science/) database, which are, in the 
ESI, divided into 22 fields of science, including multidisciplinary journals but excluding arts and 
humanities.  
In order to be included in the ESI, journals, papers, institutions, and authors need to exceed a 
minimum number of citations obtained by ranking journals, researchers, and papers in a 
respective research field in descending order by citation count and then selecting the top fraction 
or percentage of papers. For authors and institutions, the threshold is set as the top 1%, and the 
top 50% is established for countries and journals, in the 11-year period. The main purpose of 
dividing publications into fields is to balance different research intensities in different research 
areas. For example, in mathematics and computer sciences, it was enough for the top 1% of 
researchers to collect 346 and 382 respectively, while in physics the top 1% threshold was nearly 
30 times higher, at 10,253 citations.  
Among the 153 countries/territories that passed the ESI threshold at least in one research 
field were several that did so with a small number of papers. For example, researchers from 
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Dominica, the Vatican, Bermuda, and the Seychelles published less than 300 papers during the 
last 11 years that were included in the ESI. Because small numbers tend not to be reliable, all 
countries that had less than 4,000 papers included in the ESI were excluded from further analysis 
(cf. Allik, 2003, 2008, 2013, 2015; Lauk & Allik, 2018).1 Applying this criterion, 53 countries or 
territories (36.6%) were left out of further analysis and the final sample consisted of 97 
countries.2  
The HQSI (Allik, 2013) was computed by combining the mean citation rate and the 
percentage of articles that reached the top 1% citation rate. Combining these two indicators into 
one index is justified, because the mean citation rate and the percentage of the top 1% papers are 
statistically significantly correlated at r = .82 (N = 153, p < .001). The HQSI was expressed in 
standard normal units, for which the mean citation rate and the percentage of top papers were 
converted into z-units and, after that, averaged. 
Economic wealth. The economic wealth of nations was measured by gross national income 
(GNI) per capita (HDI, 2018). GNI is seen as a superior variable to GDP, in which the wages, 
salaries, and property income of a country's residents earned abroad are not taken into account. 
Because HDI is not computed for Macau and Taiwan, we used other available estimates for these 
two territories.  
R&D expenditure. The latest available data for R&D expenditures as a percentage of GDP 
(GERD) were obtained from the World Bank: 
https://data.worldbank.org/indicator/gb.xpd.rsdv.gd.zs. Missing data for Taiwan, South Korea, 
Malawi, Lebanon, Bangladesh, and Cameroon were filled by most likely estimates, usually 
provided by these countries themselves. 
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Contextual Measures 
Worldwide Governance Indicators (WGI; https://info.worldbank.org/governance/wgi/). 
The WGI is a measure of quality of governance, which is how authority in a country is exercised, 
how governments are selected, monitored, and replaced, the capacity of the government to 
effectively formulate and implement sound policies, and the respect of citizens and the state for 
the institutions that govern economic and social interactions among them (Kaufmann, Kraay, & 
Mastruzzi, 2010). The summary index is computed based on six indicators of good governance: 
voice and accountability, absence of violence, government effectiveness, regulatory quality, rule 
of law, and absence of corruption. Because some of these indicators were correlated above r = 
.96 in our sample, we only used their aggregate score in our analyses in order to avoid 
multicollinearity (cf. Langbein & Knack, 2010). Cronbach alpha of the WGI in our sample 97 
countries was .96. 
Life expectancy. Life expectancy at birth is a health dimension of the Human Development 
Index (HDI, 2018). The data were retrieved from the United Nations Development Programme 
update (http://hdr.undp.org/en/2018-update) for 2018. 
Education. The education dimension of HDI was measured by the mean of years of 
schooling for adults aged 25 years and more and expected years of schooling for children of 
school-entering age (HDI, 2018). The same source was used as in the previous item. 
Inequality (Gini). The Gini coefficient is the most commonly used measure of economic 
inequality. A Gini coefficient of 0 expresses perfect equality, where all incomes are the same. A 
Gini coefficient of 1 expresses theoretical maximal inequality where only one person has all the 
income or consumption, and all others have none. We obtained the most recent Gini index 
estimates from the World Bank (https://data.worldbank.org/indicator/si.pov.gini).  
Scientific wealth of nations 12 
 
 
Country population size. Population size by country was retrieved from the United Nations 
Population Division database: https://www.worldometers.info/world-population/population-by-
country/. Because differences in populations are huge, the common logarithm with a base of 10 
was used to represent the data. 
English as official language. Data about countries where English is an official language 
(either de jure or de facto) were taken from http://worldpopulationreview.com/countries/english-
speaking-countries/. The countries with English as an official language were coded as 1 and the 
rest as 0. 
Communist history (past or present). In addition to former Soviet Republics and Eastern-
European members of the Warsaw Pact, China, Cuba and Vietnam were also coded as countries 
with a communist past or presence (1). 
Results 
The HQSI Rankings 
Table 1 presents the list of the 97 countries, which published more than 4,000 ESI 
documents in the period 2008 to 2018. Each country or territory is characterized by the five 
bibliometric (columns #4 to #8) and nine contextual (columns #9 to #17) indicators described in 
the Method section. Listed countries were ranked according to the HQSI (column #8), with 
countries at the top of the ranking having the highest, and the countries at the bottom of the list 
the lowest, levels of scientific excellence. 
 
Insert Table 1 about here 
 
Like another recent study (cf. Erfanmanesh, Tahira, & Abrizah, 2017, Figure 1C), we 
identified Panama as the country with the highest HQSI score. In an earlier observation period 
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(Lauk & Allik, 2018), Panama was just below the 4,000 publication threshold, missing the final 
list. It was also unexpected to see two rather small former Soviet countries—the Republic of 
Georgia and Estonia—in the top ten, while scientific giants like the United States, Germany, and 
France are ranked 15th, 24th, and 30th, respectively, on the HQSI list.3  
How does it come about that countries that are never thought to be among the leaders in 
world science are nevertheless at the top of the HQSI ranking? To answer this question, we 
examined different ways a country’s ranking on the HQSI can potentially be improved. The first 
obvious option is to publish research papers that will be highly cited in as many fields of science 
as possible. This is exactly how it seems to work in six of the top ten HQSI countries—Iceland, 
Switzerland, Netherlands, Denmark, Singapore, and Estonia—which passed the entrance 
threshold in all 22 fields into which the ESI divides sciences.  
Secondly, a country’s HQSI ranking position can be improved by publishing a relatively 
small number of papers in a few selected fields and by not publishing papers that would pass the 
ESI threshold in those areas in which the quality of papers is mediocre. As an example, Panama 
exceeded the ESI entrance threshold in 13 fields, Georgia in 11, Kenya in 16, Uganda in 14, 
Latvia in 16, and Armenia only in 7 research fields out of 22. All mentioned nations appear to 
occupy a higher position in the science quality ranking than could be expected from other 
societal indicators and the quality of research in areas, which did not qualify for the ESI. 
It can also be observed that research areas in which these apparent overachievers have been 
most successful rely on large-scale international collaborations and/or joint publications with 
more scientifically advanced countries. For example, it is typically the case that highly cited 
Panamanian papers were written in collaboration with large international partners from USA, 
Germany, United Kingdom, or Canada (Monge-Najera & Ho, 2015). The most cited article by 
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researchers from Panama—which has already collected over 5,500 citations—is a product of a 
large-scale international project (Global Burden of Disease Study) that has 189 co-authors from 
119 institutions from all over the world (Lozano et al., 2012). The first five most cited 
Panamanian papers were produced by this project, and these account for more than 15% of the 
country’s total number of citations. Among the most cited papers there were no papers authored 
exclusively by Panamanian researchers.  
Clarivate Analytics recently published a list of the top 6,000 Highly Cited Researchers in 
2018 (https://hcr.clarivate.com/). It is symptomatic that Panama contributed to this list only one 
researcher, Georgia none, and Peru two. Other countries in the top ten of the HQSI were more 
productive in terms of reaching the list of Highly Cited Researchers: Iceland had 14, Switzerland 
148, Netherlands 198, Denmark 77, Singapore 80, Estonia 16, and United Kingdom 588. Thus, 
this is another demonstration that some countries were able to reach the top without producing 
too many highly cited researchers of their own. 
The Republic of Georgia’s high ranking on the HQSI also seems to owe much to 
international collaboration. From the 5,785 papers coauthored by Georgia’s researchers that 
passed ESI thresholds, almost half (2,248) were published by physicists. Two hundred and 
eighteen of Georgia’s papers reached the top 1% of citations, of which 145 (66.5%) were 
coauthored by physicists, or more precisely by groups collaborating in the ATLAS and other 
CERN projects. For example, two researchers, Drs. Tamar Djobava and Maia Mosidze from the 
High Energy Physics Institute in Tbilisi, each coauthored over 700 papers over the 11-year 
period and these were cited over 29,000 times, which is about 25% of all the citations that papers 
authored by Georgian researchers received. 
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Can the HQSI be Improved? 
The HQSI, as we show above, may need some modification in order to be a more valid 
measure of scientific excellence. One way to improve the index would be to consider the 
percentage of papers indexed in the WoS per country that are included in the ESI. With this goal 
in mind, we computed the total number of papers indexed in the WoS (the Core Collection except 
the Arts and Humanities Citation Index) for the 11-year period from 2008 to 2018. Knowing the 
number of papers published in the journals that were indexed in the WoS, we computed the 
percentage of papers that qualified for the ESI. The median percentage over the 97 countries was 
about 61%, with (Russia)4 having the highest percentage at 76.4%. There were four countries—
Indonesia, Azerbaijan, Lebanon, and Latvia—which had less than 40% of all their published 
papers included in the ESI. Among the top-ten HQSI countries, Iceland published 15,432 papers 
that were indexed in WoS, from which 10,537 or 68.5% qualified for the ESI. Most of the other 
top ten countries performed similarly well (e.g., Switzerland, 66.1%; The Netherlands, 66.0%; 
Denmark, 66.9%; Singapore, 65.3%; Estonia, 66.7%), with only Panama (57.5%) and Peru 
(54.7%) having slightly lower success rates in entering the ESI. 
However, when we computed the correlation between the percentage of papers indexed in 
the WoS that were also included in the ESI and the HQSI across the 97 countries, it was 
insignificant, r = .08, N = 97, p = .418. Thus, there was no justification for supplementing the 
HQSI with this third additional component, which essentially characterizes the rate of success to 
be qualified for the high-quality science. There seem to be multiple reasons for how many papers 
enter the ESI from the total number of publications in WoS, and not all of them show a country’s 
scientific weaknesses or strengths.  
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We also explored the possibility that the number of papers that are never cited could be used 
as a correction for the HQSI. Because it is very difficult to see how papers that were never cited 
can contribute to the growth of scientific knowledge (cf. Nicolaisen & Frandsen, 2019), it may 
be used as an additional indicator of quality. Although, even if a paper remains uncited for a long 
period, this is not necessarily a sign of its poor quality (Garfield, 1991). However, if two 
countries differ substantially in the percentage of their uncited papers, then it may indicate that 
these two countries have different levels of scientific performance. For instance, both Georgia 
and Peru were characterized by a relatively high percentage of papers (38.9% and 43.5%, 
respectively) indexed in the WoS from 2008 to 2018 that have never been cited. In contrast, 
Panama (22.5%), Iceland (28.6%), and Estonia (28.5%) had a considerably lower percentage of 
uncited papers. One possible reason for the different uncitedness rates may be the number of 
local journals, which typically have lower impact factors (cf. van Leeuwen et al., 2001). Yet, 
without a thorough analysis, it is difficult to say if uncitedness statistics can be used for 
improvement in bibliometric indicators. 
 
Insert Table 2 about here 
 
Predictors of Scientific Excellence  
As we predicted, the HQSI had positive and statistically significant correlations with both 
GNI (r = .36) and GERD (r = .35), p < .001. To test the question of whether national wealth is 
equally important for producing high-quality science in both more and less economically 
advanced nations, we computed correlations between the GNI and the HQSI separately for 
countries in which GNI was below or above the median value $22,162 for the current sample of 
97 countries. In accordance with previous research (e.g., King, 2004), the correlation between 
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the GNI and the HQSI was statistically significant in the group of more affluent countries (r = 
.33, n = 49, p = .022), but not in the group of lower income countries (r = .00, n = 48, p = .988). 
Thus, the economic wealth of countries seems to play a role in supporting scientific excellence 
only in those countries, which are sufficiently wealthy. 
In addition to economic indicators, the HQSI was also significantly correlated with almost 
all other societal variables in our analysis, except for the Gini index (please see the last two 
columns in Table 2). As expected, countries with higher levels of education (r = .41) and life 
expectancy (r = .38) also tend to have higher levels of scientific success (both correlations 
significant at p < .001). However, the strongest correlation we observed was between the HQSI 
and the good governance indicators (WGI, r = .59, p < .001). Figure 1 demonstrates the scatter 
plot between the WGI and the HQSI across the 97 countries. Three countries in the top ten of the 
HQSI by scientific achievement—Panama, Georgia, and Peru—seem to be over-performing in 
terms of their scientific success compared to the quality of governance that these countries 
demonstrate. If we exclude the three countries from the analysis, the correlation increases from r 
= .59 to .64, N = 94, p < .001. Thus, quality of governance appears to have a strong effect on the 
quality of science. 
 
Insert Figure 1 about here 
 
Interestingly, it is smaller countries that tend to publish more highly cited papers, rather than 
those with larger populations, r = ‒.39, N = 97, p < .001. Except for Peru (32 million 
inhabitants), the United Kingdom (66 million), and the Netherlands (17.1 million), all other 
countries in the top ten of the HQSI have relatively small populations: Panama 4.1, Georgia, 3.7, 
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Switzerland 8.4, Denmark 5.7, Singapore 5.6, and Estonia 1.3 million inhabitants, to say nothing 
about Iceland with a population just slightly above 0.3 million. Thus, countries with smaller 
populations seem to have a competitive advantage over larger ones in producing high quality 
scientific publications.  
Finally, we also found statistically significant correlations between the HQSI and the 
country’s language and political past. Namely, it is English-speaking countries (r = .18, p = .047) 
and countries with no communist past or presence (r = -.21, p = .036) that seem to produce 
scientific papers of the highest quality. 
Predictors of Scientific Excellence beyond Economic Wealth 
Finally, we were interested to find out whether other societal factors can enhance or suppress 
the effect of economic wealth of countries on their scientific success, as measured by the HQSI. 
To this end, we used a General Linear Model (GLM) analysis to examine the effect of economic 
wealth (as measured by GNI and GERD) on the HQSI when also controlling for other relevant 
societal indicators.5 We used a method in which the sums of squares was invariant to the order in 
which predictor variables were entered into the model. Table 2 demonstrates that nine societal 
indicators explain about 50% of the variance in the HQSI: F(9,79) = 8.74, p < .001. 
 The results of the GLM analysis indicate that the economic factors (i.e., GNI and GERD) no 
longer had any significant effect on the scientific excellence of countries when other societal 
factors were controlled for. Instead, it is the country’s population size (η2 = .11), communist past 
or presence (η2 = .06), and the quality of governance (η2 = .05) that seem to contribute most to 
their level of scientific excellence (all significant at p < .05): that is, it is the smaller countries 
without a communist past or presence and with good governance that appear to be most 
successful in publishing high-impact scientific papers. 
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Discussion 
Do the HQSI Rankings Make Sense? 
Measuring the scientific excellence of countries is not an easy task, not just because it is a 
multidimensional concept (Aksnes et al., 2019), but also because there is no consensus on what 
the best performance criteria to assess scientific success are. In this study, we used a composite 
indicator of scientific wealth—the HQSI—which in equal parts considers the mean citation rate 
per paper and the percentage of papers that have reached the top 1% of citations in a respective 
field of science and the time of publishing as indicated by the ESI (Allik, 2013). As in previous 
research (Lauk & Allik, 2018), the use of the HQSI resulted in somewhat unexpected or 
counterintuitive rankings of scientific success, with countries such as Panama, Iceland, and 
Georgia being at the top of the ranking list of the world’s most scientifically successful countries. 
Although the first reaction is to look for possible statistical flukes, there are also some other 
recent studies that have shown that at least some of the countries at the top of the HQSI ranking, 
such as Panama, seem to also have the highest impact in the Elsevier’s Scopus database 
(Erfanmanesh et al., 2017, Figure 1C). Although it was surprising to see the United States only in 
15th position in the HQSI ranking, this is not completely unexpected, as many previous studies 
have indicated that the United States is about to lose (or has already lost) its dominance in 
science (Adams, 2018; Leydesdorff & Wagner, 2009a; Leydesdorff et al., 2014). Finding Russia 
in the 95th position is hardly a surprise because its failure to modernize scientific research has 
been repeatedly verified by other indicators of scientific excellence (Adams & King, 2010; 
Markusova, Bogorov, & Libkind, 2018; Markusova, Ivanov, & Varshavskii, 2009; Markusova, 
Jansz, Libkind, Libkind, & Varshavsky, 2009). Although our findings confirmed earlier research 
that a communist past may have a long-term detrimental effect on countries’ scientific success 
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(Jurajda et al., 2017; Kozak et al., 2015), this did not prevent Georgia (#3), Estonia (#8), and 
Armenia (#18) from occupying relatively high positions in the HQSI ranking. 
Interestingly, several African countries also ranked quite highly on the HQSI, especially 
Kenya (#20), Malawi (#22), and Uganda (#33), which one would not predict from their level of 
economic wealth or when thinking about Africa’s total share (less than 1.5%) in world scientific 
output (Confraria & Godinho, 2015). Their scientific success seems to be owed more to their 
participation in large-scale international consortia and networks in a limited number of scientific 
fields. For example, Kenya entered the ESI in 16, Uganda in 14, and Malawi in only 11 fields of 
science out of 22. Economically and scientifically advanced countries seem to use African 
countries as “laboratories” in which ecological, agricultural, and human disasters can be studied 
in exchange for local collaboration. Not surprisingly, Kenya and Malawi have the same most 
cited paper, which deals with HIV therapy, and has been cited more than 3,000 times (Cohen et 
al., 2011). In turn, the most cited paper by Ugandan researchers is the same that helped elevate 
Panama to the top of the HQSI (Lozano et al., 2012). Thus, the relatively high position of Kenya, 
Malawi, and Uganda in the HQSI (Table 1) may be due to (a) their participation in large 
international consortia which produce many highly cited papers (cf. Hirv, 2019), and to (b) the 
absence of scientific papers in some other fields that would decrease their mean citation rate. The 
true leaders in African science such as South Africa, Egypt, Tunisia, Nigeria, and Algeria 
(Sooryamoorthy, 2018), foster a wider range of disciplines even if not all of them are necessarily 
beneficial for the nation’s mean citation rate. 
Thus, there are some problems with the HQSI, which were probably inherited from the 
methodology that the ESI uses. The main idea on which the ESI was founded was to define what 
essential or excellent science is through an examination of the top citation layer of scientific 
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papers. The proposed HQSI reflects a similar shift from bibliometric impact scores based on 
average values towards indicators reflecting the top of the citation distribution (van Leeuwen et 
al., 2003). However, paying selective attention to the top citation layer creates a new problem, 
which was not entirely foreseen. Although the number of highly cited papers is an appropriate 
indicator of top science, those papers that were unable to pass the citation thresholds can also 
affect indicators. It is important to remember that the WoS, from which the ESI makes its 
selection, covers only a fraction of the world’s top tier international and regional journals whose 
citation impact is carefully monitored. As a result, the ESI is even more selective than the WoS 
by choosing the most outstanding research and rejecting papers with a low citation rate from 
further analysis. An unwanted consequence of such a highly restrictive selection process is that 
the mean citation rate can also go up by the elimination of weaker papers from the analysis. If we 
do not consider how many low-impact papers were discarded by the selection process, then we 
introduce an error, which may artificially boost the HQSI score. Thus, the highly selective 
process of the ESI has a built-in flaw that allows artificial enhancement of a country’s scientific 
impact and its standing on the HQSI. One way to achieve this is to support participation in high-
profile international projects and provide less support for local projects, the output of which is 
typically oriented toward obscure local journals having no ambition to fight for a place in the ESI 
database. 
In spite of these problems, the mean citation rate combined with the percentage of papers 
that reach the top citation rate—the HQSI—still seems to be a sufficiently adequate measure of 
what can be called the scientific wealth of nations, better than the mean citation rate alone (cf. 
Docampo & Bessoule, 2019; Harzing & Giroud, 2014; Horta, 2018; King, 2004; May, 1997; 
Rousseau & Rousseau, 1998). Even though it has been argued that the traditional method 
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of counting citations may not be the most accurate or optimal measure of scientific excellence 
(cf. Aksnes et al., 2019), it is still one of the most practical tools for assessing countries’ 
scientific wealth, especially because bibliometric indicators are strongly related with other 
indicators of scientific excellence, such as the number of Nobel Prize awards (Rodriguez-
Navarro, 2011), and they are relatively free from bias, from which expert opinions typically 
suffer (cf. Bornmann, 2011; Cicchetti, 1991; Cole, Cole, & Simon, 1981). 
Science is a Collaborative Enterprise 
Collaboration and cooperation are often imperative to success in science (Figg et al., 2006; 
Glänzel & Schubert, 2005; Moed, 2005). Many fundamental problems in modern science cannot 
be solved without international networks involving many countries and sometimes thousands of 
collaborators (Adams, 2012). As a sign of international and other forms of collaboration, the 
average number of authors listed on a paper has surged considerably upward during the last years 
(Mallapaty, 2018). Although the number of authors per paper has increased in all fields of 
research, the average number of co-authors in nuclear and particle physics has surged well ahead 
of other fields, reaching an average of 140 authors per paper (Mallapaty, 2018). In 2015, a team 
of physicists working at the Large Hadron Collider published a paper with 5,154 authors which 
broke the existing record for the largest number of contributors to a single research article 
(Castelvecchi, 2018). Because the same team was also very prolific, publishing almost one 
hundred papers every year over a decade, the threshold for a physicist to enter the club of the top 
1% most cited physicists has reached an astronomical 10,253, which is almost 30 times more 
than what is required for a mathematician to reach the exclusive club of the top 1% citedness 
(i.e., 346 citations). As we saw in the case of Georgia, results in one field, physics, can elevate 
national indicators of research excellence in general. The Hirsch or h-index was devised to 
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diminish the impact of only one highly cited paper, which could distort the mean citation rate. 
Analogously, countries or territories that have succeeded in passing the essential thresholds in 
most or in all 22 fields of science should receive more credits than those able to excel in a few 
research fields only. 
Large-scale collaborative projects, however, are not characteristic of physics alone. Many 
medical and environmental problems cannot be solved without large international collaborative 
efforts with partners from many countries. Panama is a good example here, as its scientific 
excellence has strongly benefited from the participation of Panamanian researchers in large 
international networks designed for the study of disease burden, diabetes, deforestation, and 
ecology. Paradoxically, Panama has greatly benefited from the very tough criteria that the WoS 
has for inclusion of journals and how they then get into the ESI. It was observed, for instance, 
that Panama has nearly 100 scientific journals that are not included in the WoS and, because of 
this, cannot be counted in the ESI, in addition to the ESI’s own strict acceptance thresholds 
(Monge-Najera & Ho, 2015). Thus, although international collaboration is usually mutually 
beneficial, sometimes it is even more advantageous for researchers from smaller or less advanced 
countries. This is well exemplified by a recent study by Hirv (2019) who showed that, when 
controlling for the share of hyper-authored papers resulting from large-scale international 
consortia (e.g., CERN, IDEFIX consortium, etc.), Iceland plunges from the first position in the 
HQSI to the twelfth, Peru from 6th to 30th, and Estonia from 12th to 31st.  
If a paper has many coauthors from different countries, databases attribute equal credits to 
each author and to each country according to all named author’s affiliations. Because equal 
credits to all authors, even if their number is over a hundred, or even a thousand, may seem 
unjust, various options for fractional counting have been proposed (Leydesdorff & Bornmann, 
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2011; Leydesdorff & Opthof, 2010; Prathap, 2011; Sivertsen, Rousseau, & Zhang, 2019), in 
which a fraction of the credit is attributed to each author of the paper instead of the full credit to 
everyone. A fractional attribution of authorship credits may be warranted for those co-authors 
whose roles were modest, but it may be unfair for those who indeed had principal roles in 
designing the research and writing up the papers. There is no convincing evidence that fractional 
counting can correct one of the problems by not creating another form of injustice, for example, 
diminishing the credits of main authors whose ideas were crucial for the study. Although 
fractional counting may seem promising, it remains an impractical option until databases start 
providing tools for doing it. It is also important to note that the model of a “lonely genius” who 
works in solitude and thus receives all the credits for their work is no longer the ideal or the most 
practical way of doing research. Science is a collective enterprise, more than ever, in which the 
contributions of all participants deserve recognition.  
Can Money Buy Scientific Excellence? 
Although previous studies have shown that scientific wealth is strongly associated with a 
country’s level of economic development (e.g.; Aksnes, Sivertsen, van Leeuwen, & Wendt, 
2017; King, 2004; May, 1997; Mueller, 2016; Vinkler, 2008), our findings indicate that the 
relationship between economic and scientific wealth only exists within a group of sufficiently 
wealthy countries, that is, countries in which GNI was above the median value $22,162 for our 
current sample of 97 countries. Thus, it seems that money can indeed buy scientific excellence, 
but only when a certain threshold of wealth has been achieved.  
Furthermore, there seem to some other societal factors that are even more important when 
predicting the scientific wealth of nations—across all countries, the positive relationship between 
scientific excellence and economic indicators was no longer significant when other societal 
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factors were controlled for. Thus, there is no guarantee that national wealth and investments into 
R&D automatically lead to an increase in scientific excellence—while money is important, there 
are also several other factors, such as good governance, population size, and communist past or 
presence that need to be considered when trying to understand and explain the scientific success 
of nations. 
Scientific Excellence Needs Good Governance 
Academia is not a separate place or entity from the rest of society, but rather an integral part 
of it. Therefore, it was not an unexpected finding that one of the most significant predictors of 
high-quality science was an indicator characterizing how state authority is implemented and how 
social institutions, not only science, function. As it turned out, excellent results in science cannot 
be achieved without good governance, measured by the WGI. Good governance means that state 
authority is exercised deliberately and meticulously, including an absence of violence and 
corruption and respecting the rule of law and citizens. Good governance also presumes an ability 
to formulate and implement sound policies from which the whole of society benefits, not only a 
privileged group of people (Kaufmann et al., 2010). Although we cannot say anything about the 
causality of the relationship, it looks like countries with good governance are the ones, which are 
more successful in nurturing and producing high-level research. If bad governance may 
occasionally produce an economic surge (Wilkin, 2011), there do not seem to be too many 
examples of how poor governance can generate outstanding science. 
Social scientists have also noticed that social institutions can be classified into inclusive and 
extractive ones based on how they are governed. Inclusive institutions, opposite to extractive 
ones, allow and encourage participants to enter new activities, allowing them to freely choose 
their careers. There is no, or only minimal, competition between elites in inclusive institutions, 
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ensuring open access to societal resources, which is independent of the configurations of social 
or other groups (Acemoglu & Robinson, 2012; North, Wallis, & Weingast, 2009). In science, 
inclusiveness means that research is open to everyone, not to relatively small elite only; 
individuals can choose the careers that make the best use of their own skills and education to 
achieve results that correspond to their efforts. Extractive scientific institutions discourage 
people from taking their own initiative because they know that credit will not always go to 
themselves and their opportunities for achievement are restricted by regulations, bureaucracy, 
and nepotism. One of the main purposes of good governance is to create inclusive scientific 
institutions, which obviously help to translate economic wealth into high-quality scientific 
publications.  
Does Population Size Matter?  
Our findings also indicate that smaller countries seem to have an advantage over larger ones 
in producing papers with high-level scientific impact. This is in accordance with earlier studies 
that have shown that most smaller European countries (e.g., Iceland, Sweden, Finland, Denmark, 
Ireland, and Belgium) have a very balanced development between different fields of science, but 
still with an emphasis on the biomedical and environmental sciences (Harzing & Giroud, 2014).  
Yet, it is obvious that the size of a population by itself cannot influence the quality of 
scientific papers produced by the scientists of any given nation and that it must be something in 
the way social institutions work which gives smaller countries a competitive advantage over 
larger ones. Previous studies have shown that the probability of violence increases with the size 
of a country’s population (Van de Vliert, Schwartz, Huismans, Hofstede, & Daan, 1999). 
According to some estimates, a one percent increase in population size raises the risk of civil 
conflict by over 5.2 percentage points (Brückner, 2010). Thus, one of the explanations may be 
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that a smaller population size helps to avoid civil conflict, which may be distractive to a full 
commitment to science.  
Likewise, a robust negative relationship exists between the size of a country’s territory and 
the measure of the rule of law implemented in the country (Olsson & Hansson, 2011). Larger 
countries generally have larger governments and more politicians, both of which are potential 
sources of corruption (Arvate, Curi, Rocha, & Sanches, 2010; Bergh, Fink, & Ohrvall, 2017; 
Goel & Nelson, 1998; Kotera, Okada, & Samreth, 2012), and, as a result, a larger population 
makes the risk of bribery more likely (Mocan, 2008), which, in turn, may restrict a merit-based 
(or equal) access to a scientific career and research opportunities. 
Concluding Remarks 
There are no doubts that the ESI is a useful instrument that can summarize the scientific 
strength of any country or territory in only a few minutes. The mean citation rate per article 
combined with the percentage of papers that reached the top 1% citation rate—shortly, the 
HQSI—is a relatively reliable index characterizing the scientific wealth of a given country. 
However, sometimes the rankings of countries based on their HQSI may look different from 
what common sense could tell us. Relatively small countries without an acknowledged 
reputation can occupy higher positions in the high-quality science rankings than many well-
known scientific superpowers, which may have more modest positions in the HQSI ranking. We 
noticed, however, that a high position in the HQSI ranking could be achieved in different ways. 
In addition to increasing the quality of scientific publications, it is possible to maintain a position 
in the ranking by avoiding weaker publications in some research areas and consequently 
decrease the mean citation rate. Our attempts to correct the HQSI by considering the percentage 
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of papers that did not pass the thresholds for entering the ESI were not successful because the 
percentage of rejected papers did not correlate with the other high-quality science indicators.  
The results demonstrated that an initially strong correlation between a country’s economic 
indicators and the HQSI became insignificant when their relative impact competed with certain 
other predictors. The role of economic wealth and R&D expenditure is insignificant compared 
with a country’s size, communist history, and the quality of governance. It seems that avoiding 
violence, civil conflict, and corruption, and obeying the rule of law, in all of which smaller 
countries tend to be more successful than bigger ones, are the essential components of a climate 
in which science can flourish.  
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Table 1  
The 97 countries which published more than 4,000 ESI papers between 2008 and 2018 ranked according to the High Quality Science 
Index (HQSI; column #8).  
HQSI
Rank 
Country Code No. of 
WoS 
Papers 
No. of 
Citations 
No. of 
Citations 
per Paper 
Top 
% 
HQSI  GNI  GER
D 
WGI Life 
Expec
tancy 
Educa
tion 
Gini  Popul
ation 
(log10) 
Englis
h 
Commu
nist 
#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 #14 #15 #16 #17 
1 Panama PAN 4,127 100,797 24.4 3.8 2.49 19,178 0.06 0.13 78.2 10.2 51.4 6.63 0 0 
2 Iceland ISL 10,573 260,926 24.7 3.2 2.13 45,810 2.08 1.51 82.9 12.4 27.9 5.53 0 0 
3 Georgia GEO 5,785 116,333 20.1 3.8 2.03 9,186 0.30 0.43 73.4 12.8 38.2 6.59 0 1 
4 Switzerland CHE 298,321 6,617,690 22.2 2.8 1.62 57,625 3.37 1.77 83.5 13.4 32.7 6.93 0 0 
5 Netherlands NLD 402,147 8,514,132 21.2 2.5 1.34 47,900 2.03 1.68 82.0 12.2 28.3 7.23 0 0 
6 Denmark DNK 173,372 3,515,751 20.3 2.6 1.27 47,918 2.87 1.64 80.9 12.6 27.3 6.76 0 0 
7 Singapore SGP 126,288 2,444,211 19.4 2.6 1.19 82,503 2.16 1.62 83.2 11.5 35.6 6.77 1 0 
8 Estonia EST 17,972 327,620 18.2 2.7 1.16 28,993 1.28 1.19 77.7 12.7 32.7 6.12 0 1 
9 Peru PER 10,317 171,202 16.6 2.8 1.05 11,789 0.12 -0.11 75.2 9.2 45.1 7.52 0 0 
10 United Kingdom GBR 1,260,025 24,508,628 19.5 2.3 1.01 39,116 1.69 1.37 81.7 12.9 33.8 7.83 1 0 
11 Belgium BEL 221,551 4,244,377 19.2 2.3 0.98 42,156 2.49 1.18 81.3 11.8 28.2 7.06 0 0 
12 Ireland IRL 84,133 1,547,625 18.4 2.2 0.86 53,754 1.18 1.36 81.6 12.5 32.3 6.69 1 0 
13 Sweden SWE 268,864 5,033,444 18.7 2.1 0.78 47,766 3.25 1.71 82.6 12.4 28.0 7.00 0 0 
14 Austria AUT 153,777 2,736,940 17.8 2.2 0.78 45,415 3.09 1.44 81.8 12.1 30.7 6.94 0 0 
15 United States USA 4,147,742 78,222,660 18.9 1.8 0.67 54,941 2.74 1.26 79.5 13.4 41.0 8.52 1 0 
16 Norway NOR 130,465 2,245,694 17.2 2.1 0.64 68,012 2.03 1.82 82.3 12.6 26.4 6.73 0 0 
17 Finland FIN 130,431 2,298,650 17.6 1.9 0.59 41,002 2.75 1.77 81.5 12.4 27.5 6.75 0 0 
18 Armenia ARM 7,878 110,085 14.0 2.5 0.57 9,144 0.23 -0.30 74.8 11.7 30.7 6.47 0 1 
19 Canada CAN 688,974 12,164,970 17.7 1.9 0.57 43,433 1.53 1.68 82.5 13.3 33.8 7.57 1 0 
20 Kenya KEN 16,431 265,530 16.2 2.1 0.54 2,961 0.79 -0.53 67.3 6.5 40.8 7.72 1 0 
21 Philippines PHL 12,181 177,665 14.6 2.3 0.52 9,154 0.14 -0.35 69.2 9.3 41.4 8.03 0 0 
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22 Malawi MWI 4,212 66,694 15.8 2.1 0.50 1,064 1.00 -0.46 63.7 4.5 45.1 7.29 1 0 
23 Australia AUS 583,480 9,613,694 16.5 2.0 0.50 43,560 1.92 1.54 83.1 12.9 35.3 7.40 1 0 
24 Germany DEU 1,103,959 19,504,309 17.7 1.8 0.48 46,136 2.94 1.49 81.2 14.1 30.9 7.92 0 0 
25 Cyprus CYP 11,152 160,211 14.4 2.3 0.48 31,568 0.50 0.88 80.7 12.1 33.3 6.08 0 0 
26 Luxembourg LUX 9,606 145,980 15.2 2.2 0.48 65,016 1.24 1.66 82.0 12.1 32.1 5.78 0 0 
27 Hong Kong, SAR 
of China 
HKG 133,644 2,142,965 16.0 2.0 0.48 58,420 0.80 1.45 84.1 12.0 53.9 6.87 0 0 
28 Sri Lanka LKA 7,483 104,816 14.0 2.3 0.46 11,326 0.11 -0.13 75.5 10.9 38.5 7.32 0 0 
29 Israel ISR 145,692 2,428,537 16.7 1.7 0.36 32,711 4.24 0.72 82.7 13.0 40.7 6.93 0 0 
30 France FRA 768,715 13,076,680 17.0 1.7 0.35 39,254 2.25 1.09 82.7 11.5 32.9 7.82 0 0 
31 New Zealand NZL 95,495 1,512,585 15.8 1.8 0.33 33,970 1.26 1.86 82.0 12.5 36.7 6.68 1 0 
32 Costa Rica CRI 5,807 89,041 15.3 1.8 0.26 14,636 0.46 0.54 80.0 8.8 48.9 6.70 0 0 
33 Uganda UGA 9,455 152,450 16.1 1.6 0.22 1,658 0.17 -0.55 60.2 6.1 42.7 7.66 0 0 
34 Italy ITA 672,758 10,847,769 16.1 1.5 0.18 35,299 1.29 0.50 83.2 10.2 34.5 7.77 0 0 
35 Qatar QAT 13,259 151,550 11.4 2.3 0.16 116,818 0.51 0.33 78.3 9.8 - 6.44 0 0 
36 Saudi Arabia SAU 101,357 1,149,304 11.3 2.3 0.15 49,680 0.82 -0.26 74.7 9.5 - 7.53 0 0 
37 Greece GRC 118,864 1,787,043 15.0 1.6 0.12 24,648 1.01 0.18 81.4 10.8 34.9 7.05 0 0 
38 Spain ESP 582,464 8,899,247 15.3 1.5 0.06 34,258 1.19 0.80 83.3 9.8 35.3 7.67 0 0 
39 Tanzania TZA 8,787 128,779 14.7 1.6 0.06 2,655 0.53 -0.50 66.3 5.8 39.1 7.78 1 0 
40 Hungary HUN 71,757 982,182 13.7 1.6 -0.06 25,393 1.21 0.49 76.1 11.9 29.4 6.98 0 1 
41 Portugal PRT 135,633 1,924,930 14.2 1.4 -0.10 27,315 1.27 1.09 81.4 9.2 36.0 7.01 0 0 
42 Lebanon LBN 12,477 146,519 11.7 1.7 -0.19 13,378 0.22 -0.80 79.8 8.7 31.8 6.78 0 0 
43 Azerbaijan AZE 5,481 54,359 9.9 2.0 -0.22 15,600 0.19 -0.70 72.1 10.7 31.8 7.00 0 1 
44 Ghana GHA 8,956 110,527 12.3 1.5 -0.22 4,096 0.38 0.06 63.0 7.1 43.0 7.48 0 0 
45 South Africa ZAF 118,564 1,453,864 12.3 1.6 -0.22 11,923 0.80 0.14 63.4 10.1 63.1 7.76 1 0 
46 Ecuador ECU 8,032 83,003 10.3 1.8 -0.24 10,347 0.44 -0.48 76.6 8.7 47.2 7.23 0 0 
47 Uruguay URY 9,488 132,242 13.9 1.2 -0.25 19,930 0.41 0.86 77.6 8.7 42.2 6.54 0 0 
48 Latvia LVA 7,026 77,088 11.0 1.6 -0.31 25,002 0.44 0.80 74.7 12.8 35.7 6.28 0 1 
49 Macao, SAR of 
China 
MAC 6,398 51,785 8.1 2.0 -0.36 96,570 0.17 1.00 83.8 - 38.0 5.81 0 0 
50 Colombia COL 40,154 437,306 10.9 1.5 -0.38 12,938 0.24 -0.19 74.6 8.3 52.8 7.70 0 0 
51 Belarus BLR 12,229 124,512 10.2 1.7 -0.38 16,323 0.59 -0.58 73.1 12.3 27.0 6.97 0 1 
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52 Slovenia SVN 40,924 495,297 12.1 1.3 -0.39 30,594 2.00 0.91 81.1 12.2 25.1 6.32 0 1 
53 Nepal NPL 5,918 67,939 11.5 1.4 -0.39 2,471 0.30 -0.65 70.6 4.9 32.8 7.48 0 0 
54 Chile CHL 74,891 894,977 12.0 1.3 -0.41 21,910 0.36 0.94 79.7 10.3 47.6 7.26 0 0 
55 Czech Republic CZE 122,339 1,489,116 12.2 1.3 -0.42 30,588 1.68 0.99 78.9 12.7 26.2 7.03 0 1 
56 Oman OMN 6,641 68,391 10.3 1.4 -0.52 36,290 0.22 0.16 77.3 9.5 - 6.70 0 0 
57 Bulgaria BGR 25,672 282,123 11.0 1.3 -0.53 18,740 0.78 0.24 74.9 11.8 35.4 6.84 0 1 
58 Indonesia IDN 18,950 205,960 10.9 1.3 -0.56 10,846 0.08 -0.17 69.4 8.0 37.9 8.43 0 0 
59 Argentina ARG 92,542 1,103,425 11.9 1.1 -0.58 18,461 0.53 0.01 76.7 9.9 42.7 7.57 0 0 
60 Japan JPN 863,585 11,157,632 12.9 0.9 -0.59 38,986 3.14 1.37 83.9 12.8 32.1 8.10 0 0 
61 Bangladesh BGD 16,993 176,069 10.4 1.3 -0.61 3,677 0.08 -0.82 72.8 5.8 32.3 8.23 0 0 
62 Senegal SEN 4,155 44,851 10.8 1.2 -0.63 2,384 0.75 -0.07 67.5 3.0 40.3 7.22 0 0 
63 China CHN 2,442,207 26,050,826 10.7 1.1 -0.66 15,270 2.11 -0.34 76.4 7.8 41.2 9.15 0 1 
64 Cameroon CMR 8,185 83,149 10.2 1.2 -0.66 3,315 0.39 -1.00 58.6 6.3 44.7 7.40 0 0 
65 United Arab 
Emirates 
ARE 19,772 196,543 9.9 1.3 -0.66 67,805 0.96 0.65 77.4 10.8 - 6.99 0 0 
66 Croatia HRV 38,543 398,928 10.4 1.1 -0.71 22,162 0.85 0.46 77.8 11.3 32.1 6.62 0 1 
67 Thailand THA 74,635 819,883 11.0 1.0 -0.72 15,516 0.78 -0.27 75.5 7.6 38.2 7.84 0 0 
68 Malaysia MYS 98,303 911,994 9.3 1.2 -0.76 26,107 1.30 0.29 75.5 10.2 43.6 7.51 0 0 
69 Vietnam VNM 27,409 248,974 9.1 1.2 -0.77 5,859 0.44 -0.33 76.5 8.2 36.1 7.99 0 1 
70 Slovakia SVK 36,323 367,911 10.1 1.0 -0.78 29,467 0.79 0.71 77.0 12.5 26.5 6.74 0 1 
71 Ethiopia ETH 11,303 107,923 9.6 1.1 -0.79 1,719 0.60 -0.97 65.9 2.7 36.2 8.04 0 0 
72 South Korea KOR 553,720 6,191,163 11.2 0.9 -0.79 49,680 4.55 0.81 74.7 9.5 32.0 7.71 0 0 
73 Lithuania LTU 23,231 209,968 9.0 1.2 -0.81 28,314 0.85 0.91 74.8 13.0 35.5 6.46 0 0 
74 Venezuela VEN 11,595 118,238 10.2 1.0 -0.83 10,672 0.12 -1.56 74.7 10.3 41.0 7.52 0 0 
75 Taiwan TWN 283,256 3,228,426 11.4 0.7 -0.84 25,723 3.10 1.11 80.4 - 33.6 7.38 0 0 
76 Morocco MAR 19,038 175,591 9.2 1.1 -0.86 7,340 0.71 -0.29 76.1 5.5 39.5 7.56 0 0 
77 Mexico MEX 134,301 1,319,716 9.8 0.9 -0.89 16,944 0.49 -0.34 77.3 8.6 44.9 8.12 0 0 
78 Pakistan PAK 79,055 633,041 8.0 1.1 -0.94 5,311 0.25 -0.96 66.6 5.2 31.3 8.31 0 0 
79 Kuwait KWT 8,204 70,674 8.6 1.0 -0.95 70,524 0.08 -0.18 74.8 7.3 - 6.63 0 0 
80 Cuba CUB 8,915 86,277 9.7 0.8 -0.96 7,524 0.35 -0.43 79.9 11.8 - 7.06 0 1 
81 Poland POL 264,867 2,485,806 9.4 0.9 -0.97 26,150 0.97 0.67 77.8 12.3 32.6 7.58 0 1 
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82 Jordan JOR 14,462 124,959 8.6 1.0 -0.97 8,288 0.33 -0.09 74.5 10.4 33.2 7.00 0 0 
83 Serbia SRB 51,922 432,970 8.3 1.0 -1.02 13,019 0.93 -0.02 75.3 11.1 28.5 6.94 0 1 
84 Romania ROM 80,421 640,417 8.0 0.9 -1.09 22,646 0.48 0.21 75.6 11.0 36.2 7.29 0 1 
85 India IND 598,277 5,593,281 9.4 0.7 -1.11 6,353 0.62 -0.14 68.8 6.4 35.6 9.14 1 0 
86 Brazil BRA 437,052 3,932,914 9.0 0.7 -1.13 13,755 1.27 -0.20 75.7 7.8 53.1 8.33 0 0 
87 Egypt EGY 93,672 795,111 8.5 0.7 -1.16 10,355 0.61 -0.87 71.7 7.2 31.1 8.01 0 0 
88 Nigeria NGA 26,479 202,868 7.7 0.9 -1.16 5,231 0.22 -1.01 53.9 6.2 43.0 8.30 1 0 
89 Bosnia and 
Herzegovina 
BIH 4,882 32,667 6.7 1.0 -1.17 11,716 0.20 -0.32 77.1 9.7 33.1 6.54 0 1 
90 Iraq IRQ 9,377 60,452 6.5 1.0 -1.19 17,789 0.04 -1.48 70.0 6.8 29.5 7.61 0 0 
91 Iran IRN 281,559 2,271,928 8.1 0.7 -1.22 19,130 0.25 -0.85 76.2 9.8 39.6 7.92 0 0 
92 Ukraine UKR 52,940 393,906 7.4 0.7 -1.26 8,130 0.45 -0.69 72.1 11.3 25.2 7.64 0 1 
93 Algeria DZA 26,510 185,975 7.0 0.8 -1.27 13,802 0.53 -0.85 76.3 8.0 27.6 7.57 0 0 
94 Turkey TUR 282,288 2,157,826 7.6 0.6 -1.34 24,804 0.88 -0.47 76.0 8.0 40.2 7.92 0 0 
95 Russia RUS 347,015 2,401,279 6.9 0.6 -1.42 24,233 1.10 -0.67 71.2 12.0 40.2 8.16 0 1 
96 Tunisia TUN 36,956 282,727 7.7 0.4 -1.44 10,275 0.60 -0.23 75.9 7.2 34.3 7.07 0 0 
97 Kazakhstan KAZ 6,716 37,345 5.6 0.8 -1.45 22,626 0.14 -0.38 70.0 11.8 27.9 7.27 0 1 
Notes. No. of WoS Papers = Number of WoS papers; No. of Citations = The total number of citations; No. of Citations per Paper = The average citation rate per 
paper; Top % = percentage of papers that have reached the top 1% of citations in a respective field of science and the time of publishing as indicated by the ESI; 
HQSI = High Quality Science Index (Allik, 2013); GNI = Gross National Income in US dollars per capita in 2018; GERD = Research and Development 
expenditure as a percentage from GDP (World Bank https://data.worldbank.org/indicator/gb.xpd.rsdv.gd.zs); WGI = Worldwide Governance Indicators 
(Kaufmann et al., 2010); Life Expectancy = Life expectancy in years (Update Team, 2018); Education = Mean number and expected number of years of 
schooling (Update Team, 2018); Population (log10) = United Nations Population Division estimates for population size (https://www.worldometers.info/world-
population/population-by-country/); Gini = The latest Gini index value from the World Bank dataset (https://data.worldbank.org/indicator/si.pov.gini); English = 
English spoken as an official language (http://worldpopulationreview.com/countries/english-speaking-countries/); Communist country = current or former 
communist country;  SAR = Special Administrative Region.
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Table 2 
The results of the General Linear Model analysis when predicting the HQSI from the contextual 
variables (R = .70, R2 = .49, F(9,79) = 8.36, p < .001). The Pearson correlations between the 
HQSI and the independent variables are shown in the last two columns. 
 General Linear Model  Correlation 
Partial eta-
squared (η2) 
F p Power 
(α=.05) 
 r p 
Intercept .037 2.99 .087 .402    
GNI .009 0.00 .999 .000  .36 <.001 
GERD .004 0.16 .478 .086  .35 <.001 
Life expectancy .000 0.02 .886 .021  .38 <.001 
Education .014 1.09 .300 .178  .41 <.001 
Gini .015 1.20 .278 .191  ‒.01 .931  
Population (log10) .114 ‒10.16 .002 .883  ‒.39  <.001  
English .026 2.14 .147 .304  .18 .047 
Communist country .056 ‒2.14 .013 .567  ‒.21 .036 
WGI .049 4.10 .034 .517  .59  <.001  
Note. HQSI = High Quality Science Index (Allik, 2013); GNI = Gross National Income in US dollars per 
capita in 2018; GERD = Research and Development expenditure as a percentage from GDP (World Bank 
https://data.worldbank.org/indicator/gb.xpd.rsdv.gd.zs); WGI = Worldwide Governance Indicators 
(Kaufmann et al., 2010); Life expectancy = Life expectancy in years (Update Team, 2018); Education = 
Mean number and expected number of years of schooling (Update Team, 2018); Gini = The latest Gini 
index value from the World Bank dataset (https://data.worldbank.org/indicator/si.pov.gini); Population 
(log10) = United Nations Population Division estimates for population size 
(https://www.worldometers.info/world-population/population-by-country/); English = English spoken as 
an official language (http://worldpopulationreview.com/countries/english-speaking-countries/); 
Communist country = current or former communist country. Significant (p < .05) predictors of the HQSI 
in GLM and correlations are indicated in bold. 
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 Figure Captions 
Figure 1. Correlation plot between the Worldwide Governance Indicators (WGI) and the 
High Quality Science Index (HQSI): r = .59, N = 97, p < .001. Countries are indicated by their 
officially assigned ISO 3166-1 alpha-3 codes, which are listed in Table 1 (column #3). 
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Footnotes 
1 There were six countries—Zambia, Burkina Faso, Uzbekistan, Sudan, Macedonia, and 
Zimbabwe—in which scientists published over 3,000 papers that were included in the ESI during 
the abovementioned period. Our analyses showed that the inclusion of those six countries in the 
final analyses would not have substantially changed the reported results. 
2 Despite the tradition to treat England, Northern Ireland, Scotland, and Wales as separate 
units in bibliometric analysis, we had to use aggregate data for the United Kingdom in order to 
be able to use the other country-level statistics such as Worldwide Governance Indicators, Gini 
index, etc., which are only available for the United Kingdom, and not separately for its four 
constituent countries. However, a simple aggregation of the four constituent countries’ 
bibliometric data may lead to biased estimates of their scientific wealth because papers with co-
authors from different constituent countries (e.g., from England and Scotland) are attributed to 
each participating country or territory. The same article could be counted twice if two co-authors 
are affiliated with institutions from two different constituent countries of the UK. For the mean 
citation rate, we computed an aggregate, which was weighted by the total number of citations 
received by each constituent country. 
3 Establishing the threshold for a minimal number of papers was apparently justified because 
otherwise the Seychelles and Bermuda (British Overseas Territory), each publishing less than 40 
papers per year, would have occupied the two highest positions in the HQSI ranking. 
4 The Russian high ESI/WoS ratio (76.4%) needs further examination. One possible 
explanation may lie in the fact that a large number of Russian-language journals is indexed by 
the WoS. But, as recently shown by Moed and colleagues (2018), one should be cautious when 
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using indicators derived from the WoS to measure the research performance and international 
orientation of the Russian science system. 
5 Instead of the usual multiple regression model, we used the GLM algorithm, as it is 
implemented in the Statistica package (Dell Inc.), which allows the establishment of linear 
combinations of multiple dependent variables, some of which could be dichotomous or 
categorical. 
